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[57] ABSTRACT

A circuit for generating a discrimination voltage level
Vreswhich is used as a reference voltage to discriminate
between two adjacent logic levels or an input signal
which can have a plurality of different voltage levels
generally corresponding to a plurality of respective,
different logic levels. The frequency at which the levels
of the input signals lie in the upper half of the vicinity
(i.e., the voltage range from the level V,r— AV to the
level V,.r+AV) of the discrimination voltage level (1.e.,
the “upper half”’ thereof being the voltage range from
V5efto Veegr+AV, “AV” being a predetermined off-set
value) and the frequency at which the levels of the input
signals lie in the lower half of the vicinity (1.e., as above
defined) of the discrimination level (i.e., the “low half”
thereof being the voltage range from V,.r— AV to V.5
are compared, and the discrimination level is controlied
so that the above two frequencies are the same.

9 Claims, 8 Drawing Sheets

DISCRIMINATION
VOLTAGE LEVEL

GENERATOR

LEVEL

CONTROL
CIRCUIT

DISCR.

LEVEL
Vref

OFFSET
REFERENCE

LEVEL
GENERATOR

PLUS OFFSET REF LEVEL Vref+A4V



U.S. Patent Mar. 19, 1991 Sheet 1 of 8 5,001,726

Fig. | A

VOLTAGE

100

LEVEL
FLUCTUATION

HIGH

EYE TR T Vit oo -
APERTURE Y —P2* 120
— =1 Vref -NAV

LEVEL
10 FLUCTUATION

FREQUENCY OF OCCURRENCE

Fig | B

i
J \

A : .
MAA T HIGH LEVEL
NOISE

N/ AAAAIL

AT LOW LEVEL



AV+}3IA 13A3T J34 13S440 SN'id

5,001,726

AV-32IA 13A31 234 13S440 SNNIW
JOIN

HO1VHINTO

RELEN
dON3IYH343dY
1345440

40103140
1NdANI 39N1LH3dV

JA3 ANOI3S

Sheet 2 of 8

I
S gl MoLvyanIo| | |- w.m_bozww 1VNOIS
-40S1a 13A37 39V.LI0A LOANT

NOILYNIWIYDSIC 13A3 ]

40104140
1NdNI 34N1H3dV
JA3 1SYId

Mar. 19, 1991

J3IN

U.S. Patent



U.S. Patent Mar. 19, 1991 Sheet 3 of 8 5,001,726

Fig 3A

VOLTAGE

100

HIGH

LOW

110

'FREQUENCY OF OCCURRENCE

Fig. 3B

VOLTAGE
100
HIGH ,
,-A o - Vref+AV’
SRS - vie
F IR et - AV

LOW B 120

11O

FREQUENCY OF OCCURRENCE



U.S. Patent " Mar. 19, 1991 Sheet 4 of 8 5,001,726

Fig. 4 A

VOLTAGE

100

HIGH

) - Vref+AV

N }}{x\\ \ - T Vref
s LLTTETIN, \Jref-AV

B

LOW
110

FREQUENCY OF OCCURRENCE

Fig 4B

VOLTAGE

100

HIGH }

| / y
7 __--Vref +4V

RNl
-.?) % Vref

~. - VTref-AV’

LOW

11O

FREQUENCY OF OCCURRENCE



5,001,726

Sheet 5 of 8

Mar. 19, 1991

U.S. Patent

._-HDUW:U ol hm._>.
ONILYHINTO . ]
13A31 IONIY33| - & _ AV- JRIA
LINDYID 11NOHID

ONI1LYHINTD NOI103130 NOILYNIWIYOSIC
ay02SIad ANOJ -gNS aNOJ3S
TYNOIS TTOHLINOD m¢_ _ 35 1 5
¢l
1NS3Y NOILVYNINIHOSIG  EAA

HO
TYNOIS LNdNI

11NS3Y 11N2HID

NOLLYNIWRIOSIA NOILVNIWIHLS 0
11NS34 NOLYNINIEOS 1
TYNOIS LNINT e Av+ain
L1

L1INDYID
NO1123130 NOTLVNIWIHOSIQ
ay02S1d_Lsy1d -gnNs_1sy1d

el _ ol

J3IA

_IWNOIS
LN NI



U.S. Patent Mar. 19, 1991 Sheet 6 of 8 5,001,726

Fig. 6

INPUT DIGITAL
SIGNAL

D _ |
TYPE OUTPUT
F.F.

Vref
(or Vref +AV or Vref-4AV )

Fig 7



U.S. Patent Mar. 19, 1991 Sheet 7 of 8 5,001,726

Fig. 9
60

INPUT 1 — COUNTER 62

N .
. SUBTRACTOR}—= OUTPUT
INPUT 2 COUNTER '

Fig. 10

INPUT 1

QUTPUT
INPUT 2
+
INPUT c -
~ 16
[ (A~
-C Vref + AV
o Vref
o Vref-AV

TO
REFERENCE LEVEL:
GENERATING CIRCUIT

INPUT




5,001,726

H\ 2. . (b))

11n2410 NOILD3 130
: Qd02SIa ANO23S

2 LNdNI WO
%0 (94) L1NDHID ONILVHINEO .
= 13A3T muzumm.._um : \..\H..“
oo
T L\._N AMS
5 11N241D NOILD313A
gy Qd€00sI0 %mﬁ__
o AL
O
= .
\ o
5 H31NNOD 2 INdNI
>

.u_ n_ —
1Nd1No H3AdAV | HO1Oovd 18NS G9
| + .
_ 99 /9 99 - —431INNOD I LNdNI

|| b14 77

U.S. Patent



5,001,726

1

CIRCUIT FOR GENERATING DISCRIMINATION
VOLTAGE LEVEL

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a circuit for generat-
ing a discrimination voltage level which is used as a
reference voltage level to discriminate between two
adjacent logic levels of an input signal which can have
a plurality of different voltage levels generally corre-
sponding to a plurality of respective, different logic
levels. |
- Generally, in the field of digital systems, more partic-
ularly, in digital communication technology, digital
signals can be in a state corresponding to one of two or
more predetermined discrete levels, e.g., two-state sig-
nals can be in a high level state (hereinafter called H
level) or in a low level state (hereinafter called L level).

When digital signals as mentioned above are output
from one unit and received by another unit, sometimes
it is necessary to recognize the level (or state) of the
received signal, for example, in regenerative repeaters
located along transmission lines on which digital signals
are transmitted, digital signals transmitted on a trans-
mission line and received in the regenerative repeaters
are amplified, reshaped, retimed, and retransmitted on
the transmission line. To retransmit the received digital
signals, the repeaters must know the level of each re-
ceived signal, i.e., at which level each output signal
should be sent out as a regenerated digital signal. For
recognizing the level (or state) of the received signal,
(voltage level) discrimination circuits are provided, for
example, in the regenerative repeaters or other commu-
nication system which function to receive digital sig-
nals.

A discrimination circuit generally comprises a circuit
for generating a discrimination voltage level (V,ep, and
the discrimination voltage level (Ve is used to discrim-
inate between different levels of the received input
signals, for example, in two-state systems, to discrimi-
nate between a high level and a low level, i.e., a discrim-
ination circuit outputs a high level signal when the
voltage level of an input signal 1s mgher than the dis-
crimination level voltage (V 0, and outputs a low level
signal when the voltage level of an input signal 1s lower
than the discrimination voltage level (V5.

The voltage level of a digital signal (electric signal or
optical signal), however, fluctuates in accordance with
fluctuations of temperature and environmental condi-
tions, and varies with deterioration due to age of the
system in which the digital signal is generated and trans-
mitted. Further, noise contributes to the fluctuation and
variation of the level of the digital signal, when super-
posed on the signal, and this also varies with the temper-
ature and environmental conditions, and deterioration
due to age.

In particular, a digital signal transmitted over a long
transmission line is greatly affected by the fluctuation
and variations due to the above conditions, 1.e., input
signals to repeaters, which are generally located along a
long transmission line, may be greatly fluctuated (var-
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ied) due to the fluctuations and variations of the above

conditions.

Since the fluctuation of the levels of digital input
signals causes a high error rate when discriminating
between different levels of the input signals in a discrim-
ination circuit, there is a great demand to minimize.the

65
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effect of the above fluctuations of input signal levels in
a discrimination circuit, and accordingly, to improve
the reliability of the discrimination circuit, in addition to
a general demand for a reduction of costs.

In particular, when used in regenerative repeaters,
since the regenerative repeaters are located such that a
technician can not obtain access thereto, there is a fur-
ther demand that a level adjustment or another regulat-
ing operation after the repeaters are installed, be elimi-
nated.

(2) Description of the Related Art

In the prior art, to conpensate the effect of tempera-
ture fluctuations, a temperature compensation circuit 1s
provided in the circuit for generating a discrimination
voltage level. This compensation circuit, for example,
comprises a resistor having a value which varies in
accordance with ambient temperature, and the discrimi-
nation voltage level is obtained from the voltage be-
tween the terminals of the resistor, so that the discrimi-
nation voltage level can be used to realize an optimum
discrimination of different levels of input signals having
levels which have been varied due to changes in the
ambient temperature.

In the above method using a temperature compensa-
tion circuit, however, compensation for a fluctuation
factor other than the temperature fluctuation is impossi-
ble, and a cumbersome operation of adjusting the initial
discrimination level in each circuit for generating a
discrimination voltage level must be carried out in ac-
cordance with the conditions at the location of the
discrimination circuit to which the discrimination volt-
age level is supplied, and this causes an increase of the
manufacturing costs.

Another method of decreasing the error rate in the
discrimination of the level of the input signals in the
prior art is to increase the system margin, i.e., tO In-
crease the noise margin, in a stage before the discrimina-
tion circuit, but, it i1s very expensive to provide the
construction for increasing a system margin, e.g., for
increasing gains in amplifiers, and the effect of this
method is not satisfactory because fluctuation factors
other than the fluctuation due to the superposing of
noise in the stages where the system margin 1s increased,
are not removed.

A third method of controlling the discrimination
voltage level to be supplied to the discrimination circuit
in the prior art is to use a data format which periodically
includes one or more predetermined bits in the transmit-
ted data, and detects the occurrence of errors by recog-
nizing the predetermined bits using the discrimination
voltage level, such as “H”—*“L”’ (errors by recognizing
a high level signal as a low level signal), and “L”—*“H”
(errors by recognizing a low level signal as a high level
signal), and the discrimination level is controlled based

~on the result of the detection of the occurrence of er-

TrOrs.

For example, an mBIC code method is known
wherein m is a natural number, e.g., when m=10, this is
called a 10BIC method. Here, a redundancy bit is in-
serted into each ten original data bits (i.e., herein the
data transfer rate is changed by 11/10 times) to form a
block consisting of ten original data bits (1st ~ 10th bit in

the above block), and one redundancy bit, and the re-

dundancy bit (eleventh bit in the above block) is set as
an inverted value of a predetermined one of the bits in
the original data, e.g., a bit just before each redundancy
bit (and thus the tenth b1t in the succession of the origi-



5,001,726

3

nal ten data bits). Accordingly, the occurrence of errors
can be recognized by monitoring the above tenth and
eleventh bits in each block.

In the above third method, however, a limitation 1s
added to the data format, and the data transfer rate must
be changed to periodically insert the above predeter-
mined bits in the original transmitted data, and further,
an additional construction for periodically detecting the
above occurrence of errors, becomes necessary.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
circuit for generating a discrimination voltage level,
which operates independently of data format, requires
no manual adjustment, and provides an optimum dis-
crimination level regardless of the level fluctuation of
an input signal or the cause thereof.

Therefore, according to the present invention, there
is provided a circuit for generating a discrimination
voltage level which is used as a reference voltage to
discriminate between two adjacent logic levels of an
input signal which can have a plurality of different
voltage levels generally corresponding to a plurality of
different logic levels, comprising: a discrimination level
voltage generating means for generating the discrimina-
tion voltage level; an offset reference level generating
means for generating a plus offset reference levei which
is higher than the discrimination level by a predeter-
mined offset value, and a minus offset reference level
which is lower than the discrimination level by the
predetermined offset value; a first eye aperture input
detecting means for detecting that the voltage of the
input signal lies between the discrimination level and
the plus offset reference level; a second eye aperture
input detecting means for detecting that the voltage of
the input signal lies between the discrimination level
and the minus offset reference level; and a level control
means for controlling the respective output voltage
levels of the discrimination voitage level generating
means and the offset reference level generating means,
so that the frequencies of the detections by the first eye
aperture input detecting means and the second eye aper-
ture input detecting means are the same.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1A shows an example of a frequency distribu-
tion of input signal voltages:;

FIG. 1B shows an example of noise superposed on

HIGH and LOW level signals;
- FIG. 2 shows a basic construction of the present
invention:

FIG. 3A shows an example of the shifted distribution
100 of voltages of input signals representing the HIGH
level:

FIG. 3B shows an example of the result of a shifting
of the discrimination voltage level corresponding to the
shifted distribution 100 in FIG. 3A, according to the
present invention;

FI1G. 4A shows an example of the shifted distribution
110 of voltages of input signals representing the LOW
level:;

FIG. 4B shows an example of the result of a shifting
of the discrimination voltage level corresponding to the
shifted distribution 110 in FIG. 4A, according to the
present invention;

FIG. 5 shows the construction of the first and second
embodiments of the present invention;
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FIG. 6 shows the construction of an example of the
main discrimination circuit 11, or the first or second
sub-discrimination circuits 10 12 and;

FIG. 7 shows an exclusive OR circuit 53;

FIG. 8 shows an input-output relationship and a tim-
ing of the exclusive OR circuit 83 in FIG. 7,

FI1GS. 9, 10, 11, and 12 each show a concrete example
of the difference obtaining means;

FI1G. 13 shows the construction of an example of the
reference level generating means 16 in FIG. §; and

FIG. 14 shows a digital-to-analog converter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A shows an example of a frequency distribu-
tion of input signal voltages. In FIG. 1A, “HIGH” and
“LOW?” each denote logic levels without level fluctua-
tion, which levels equal the output levels of the discrim-
ination circuit to which the discrimination level voltage
obtained by the circuit for generating a discrimination
voltage level according to the present invention is sup-
plied.

The logic levels denoted by “HIGH” and “LOW™
are generally two logic levels adjacent to each other in
input signals which can be in a state corresponding to
one of a plurality of different logic levels, for example,
a high level and a low level in two-state signals.

FIG. 1B shows an example of noise superposed on
the HIGH and LOW level signals, and mainly it is the
noise superposing which causes the distribution of the
input signals, which represent the HIGH and LOW
level signals, to have an almost Gaussian shape, as
shown in FIG. 1A. In FIG. 1A, reference numeral 100
denotes a frequency distribution of input signal voli-
ages, which represent the HIGH level signal, and 110
denotes a frequency distribution of input signal volt-
ages, which represent the LOW level signal.

Further, in FIG. 1A, in a range of input signal volt-
ages between the HIGH and LOW levels, the above-
mentioned two distributions 100 and 110 overlap, and in
this voltage range, the actual frequency distribution of
the input signal voltage is a summation of the two fre-
quency distributions 100 and 110, as shown by a dashed
line and denoted by 120 in FIG. 1A.

As shown in FIG. 1A, in the abovementioned range
of voltages between the peaks of the two distributions
100 and 110, the frequency of occurrence of the summa-
tion 120 is much smaller than the frequency of occur-
rence of input signal frequencies in the vicinity of the
peaks of the two Gaussian shapes 100 and 110, and
therefore, this range of voltage between the peaks,
where the frequency of signal input is much smaller
than the frequency in the vicinity of the peaks, 1s gener-
ally called “eye aperture” or “‘eye opening”.

Since, in the abovementioned voltage range where
the above summation 120 is small, i.e., in the eye aper-
ture range, the frequency of each of the two distribu-
tions 100 and 110 is also small, and therefore, when the
discrimination voltage level is set in this range, particu-
larly, when the discrimination voltage level is set near
the center of the eye aperture, i.e., so that the vicinity of
the discrimination voltage level is included in the eye
aperture range, the error rate when discriminating the
levels of input digital signals can be reduced.

In particular, in two-state signals, the frequency of
occurrence of signal inputs representing the high level
and the frequency of occurrence of signal inputs repre-

senting the LOW level are usually made as equal as
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possible, to prevent any deviation of a direct current
level on a transmission line and a lack of timing informa-
tion due to successive signals having the same value.
Therefore, in two-state signals, the total frequency of
occurrence of input signals representing the HIGH
level and the total frequency of occurrence of input
signals representing the LOW level are usually almost
the same.

In the above case, as understood from FIG. 1A, in an
upper half range of the eye aperture range, in practice,
the frequency of received input signais representing the
HIGH level is larger than the frequency of received
input signals representing the LOW level, and in a
lower half range of the eye aperture range, in practice,
the frequency of received input signals representing the
LOW level is larger than the frequency of received
input signals representing the HIGH level, and there-
fore, when the discrimination level is set at the center
voltage of the eye aperture range, which can be defined
as a voltage whereat the frequency of received input
signals representing the HIGH level equals the fre-
quency of received input signals representing the LOW
level, the error rate when recognizing the input signals,
i.e., the sum of the frequency of recognizing an input
signal representing the HIGH level as a LOW level
signal, and the frequency of recognizing an input signal
representing the LOW level as a HIGH level signal, is
minimized.

To realize the abovementioned conditions for reduc-
ing or minimizing the error rate, a circuit for generating
a discrimination voltage level according to the present

invention, and having the following construction, is
provided.

FI1G. 2 shows, as a basic construction of the present
invention, a construction of a circuit for generating a
discrimination voltage level V,s which 1s used as a
reference voltage to discriminate between two logic
levels HIGH and LOW adjacent to each other in input
signals which can be generally in a state corresponding
to one of a plurality of different logic levels.

In FIG. 2, reference numeral 1 denotes a first eye
aperture input detector, 2 denotes a second eye aperture
input detector, 3 denotes a level control circuit, 4 de-
notes a discrimination voltage level generator, and S
denotes an offset reference level generating means.

- The discimination voltage level generator 4 gener-
ates the discrimination voltage level V.

The offset reference level generator 5§ generates a
plus offset reference level V 4 AV which is higher
than the discrimination voltage level V by a predeter-
mined offset value AV, and a minus offset reference
voltage level V,.r— AV which is lower than the discrim-
ination voltage level Vs by the predetermined offset
value AV. |

The first eye aperture input detector 1 detects that the
voltage level of the input signal is between the discrimi-
nation level V,r and the plus offset reference level
Vrer+ AV, |

The second eye aperture input detector 2 detects that
the voltage level of the input signal is between the dis-
crimination level V,rand the minus offset reference
level V,er—AV.

The level control circuit 3 controls the output volt-
ages of the discrimination voltage level generator means
4 and the offset reference level generator 5, so that the
frequencies of the detections in the first eye aperture
input detector 1 and the second eye aperture input de-
tector 2 are the same.

'
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According to the present invention, if the distribution
100 of the voltage levels of the input signals represent-
ing the HIGH level has been shifted down from the
HIGH level, as shown in FIG. 3A, the frequency of the
detections in the first eye aperture input detector 1 is
shown as an area designated region “A”, and the fre-
quency of the detections in the second eye aperture
input detector 2 is shown as an area designated region
“B” in FIG. 3A. Due to the above down shift of the
distribution 100, the position of the discrimination level
V refrelative to the positions of the two distributions 100
and 110 is deviated toward the distribution 100, and
therefore, the area “A” becomes larger than the area
“B”, i.e., the frequency of the detections by the first eye
aperture input detector 1 becomes larger than the fre-
quency of the detections by the second eye aperture
input detector 2.

Corresponding to the above difference between the
frequencies of the detections by the first eye aperture
input detector 1 and the second eye aperture input de-
tector 2, the level control circuit 3 controls the respec-
tive voltages output by the discrimination voltage level
generator 4 and the offset reference level generator 3, so
that the frequencies of the detections in the first eye
aperture input detector 1 and the second eye aperture
input detector 2 are the same, i.e., in this case, the level
control circuit 3 controls the discrimination voltage
level generator 4 and the offset reference level genera-
tor 5 to down shift the output voltages Vs Vier+ AV,
and V,er—AV to Viyef, Ve +AV', and V,f —AV/,
respectively as shown in FIG. 3B, corresponding to the
above difference of the frequencies, i.e., corresponding
to the voltage shift of the distribution 100, so that the
area “A” becomes equal to the area “B” as shown In
FIG. 3B, i.e., the frequency of the detections in the first
eye aperture input detector 1 becomes equal to the
frequency of the detections in the second eye aperture
input detector 2.

If the distribution 110 of the voltage levels of the
input signals representing the LOW level has been
shifted up from the LOW level, as shown in FIG. 4A,
the position of the discrimination level V. rrelative to
the positions of the two distributions 100 and 110 is
deviated toward the distribution 110, and therefore, the
area “B” becomes larger than the area “A”, i.e., the
frequency of the detections in the second eye aperture
input detector 2 becomes larger than the frequency of
the detections in the first eye aperture input detector 1.

Corresponding to the above difference between the
frequencies of the detections in the first eye aperture
input detector 1 and the second eye aperture mnput de-
tector 2, the level control circuit 3 controls the discrimi-
nation level voltage generator 4 and the offset reference
level generator 5, to up shift the output voltages V.5
Virwer+AV, and Ver—AV to V,f, Ve +AV', and
Vef —AV, respectively, as shown in FIG. 4B, corre-
sponding to the above difference of the frequencies, i.e.,
corresponding to the voltage shift of the distribution
110, so that the area “A’ becomes equal to the area “B”’
as shown in FIG. 4B, i.e., the frequency of the detec-
tions in the first eye aperture input detector 1 becomes
equal to the frequency of the detections in the second
eye aperture input detector 2.

As mentioned above, according to the present inven-
tion, the deviation of the position of the discrimination
level V,errelative to the positions of the two distribu-
tions 100 and 110 is detected as the difference between
the frequency at which the levels of the input signals lie



5,001,726

7

in the upper half of the vicinity (i.e., the voltage range
from the level V,r—AV to the level V4 AV) of the
discrimination level (i.e., the “upper haif”’ thereof being
the voltage range from V,rto V,r+AV) and the fre-
quency that the levels of the input signals lie in the
lower half of the vicinity (as above defined) of the dis-
crimination level (i.e., the “lower half” thereof being
the voltage range from V,r—AV to V,.p, and the dis-
crimination level is controlled so that the above differ-
ence becomes zero, i.e., the deviation of the position of
the discrimination level V .rrelative to the positions of
the two distributions 100 and 110 i1s made zero.

Therefore, generally, an error rate when discriminat-
ing between different levels of input signals can be re-
duced regardiess of the type of fluctuation of the levels
of the input signals, without a manual adjustment, and in
particular, in the case of two-state signals, and when the
frequency of occurrence of input signals representing
the HIGH level and the frequency of occurrence of
input signals representing the LOW level can be
deemed to be almost the same, the error rate can be
further reduced.

FIG. 5 is a circuit block diagram commonly represen-
tative of operations in accordance with first and second
embodiments of the present invention.

In FIG. 5, reference number 10 denotes a first sub-dis-
criminating circuit, 11 denotes a main discrimination
circuit, 12 denotes a second sub-discrimination circuit,
13 denotes a first discord detection circuit, 14 denotes a
second discord detection circuit, 15 denotes a control
signal generating circuit, and 16 denotes a reference
level generating circuit.

The main discrimination circuit 11 discriminates be-
tween different logic levels of digital input signals, and
component parts other than the main discrimination
circuit 11 in FIG. § commonly represent components
selectively operable in accordance with first and second
embodiments of the present invention.

10

15

8

In the first embodiment of the present invention, the
first discord detection circuit 13 detects a discord be-
tween the output of the first sub-discrimination circuit
10 and the digital input signal (which is the object of
level discrimination in the discrimination circuit 11),
and similarly, the second discord detection circuit 14
detects a discord between the output of the second
sub-discrimination circuit 12 and the digital input signal.

In the second embodiment of the present invention,
the first discord detection circuit 13 detects a discord
between the output of the first sub-discrimination cir-
cuit 10 and the discrimination result obtained by com-
paring the digital input signal with the discrimination
level (the output of the main discrimination circuit 11),
and the second discord detection circuit 14 detects a
discord between the output of the second sub-discrimi-
nation circuit 12 and the discrimination result obtained
by comparing the digital input signal with the discrimi-
nation level (the output of the main discrimination cir-

O cuit 11).
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The reference level generating circuit 16 generates a 44

discrimination voitage level V.5 a plus offset reference
level V,er+AV, and a minus offset reference level
Vyer—AV. |

The discrimination voltage level V,eris supplied to
the main discrimination circuit 11, and is used as a refer-
ence voltage to discriminate between different levels of
input signals.

The plus offset reference level Vyr+AV 1s higher
than the discrimination level V,sby a predetermined
offset value AV, and the minus offset reference level
V er— AV is lower than the discrimination level V, by
the predetermined offset value AV.

Namely, the reference level generating circuit 16
corresponds to both of the aforementioned discrimina-
tion voltage level generator 4 and the aforementioned
offset reference level generator § in F1G. 2.

The first sub-discrimination circuit 10 compares the
digital input signal with the plus offset reference level
Vrer+ AV, and outputs a high level signal or a low level
signal respectively, according to whether the level of
the input digital signal is higher or lower than the plus
offset reference level V s+ AV, and the second sub-dis-
crimination circuit 12 compares the digital input signal
(“Input Signal”) with the minus offset reference level
Vrer—AV, and outputs a high level signal or a low level
signal respectively, according to whether the level of
the input signal is higher or lower than the minus offset
reference level V,r—AV.
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The control signal generating circuit 15 performs the
function of the level control circuit 3 in FIG. 2, and the
control signal generating circuit 15 also functions as a
difference determining means, for determining the dif-
ference between the frequencies of the detections in the
first and second eye aperture input detector 1 and 2, 1.e.,
the frequencies of the detections in the first and second
discord detection circuits 13 and 14, and controls the
output of the reference level generator 16, i.e., the dis-
crimination voltage level V¢ the plus offset reference
level V,er+AV, and the minus offset reference level
Vrer— AV, so that the frequencies of the detections In
the first and second discord detection circuits 13 and 14,
are the same. Namely, the control signal generating
circuit 15 causes the reference level generating circuit
16 to raise or lower the output voltage V,.r(and accord-
ingly, the plus offset reference level V,er+AV and the
minus offset reference level V,.,,—AV) according to the
difference between the frequency of the detections in
the first discord detection circuit 13 and the frequency
of the detections in the second discord detection circuit
14.

The first sub-discrimination circuit 10 and the first
discord detection circuit 13 perform the function of the
first eye aperture input detector 1 in FIG. 2, and the
second sub-discrimination circuit 12 and the second
discord detection circuit 14 perform the function of the
second eye aperture input detector 2 in FIG. 2.

FIG. 6 shows the construction of an example of the
main discrimination circuit 11, and also of each of the
first and second sub-discrimination circuits 10 and 12.

In FIG. 6, reference numeral 51 denotes a compara-
tor, and 51 denotes a D-type flip-flop circuit.

As a reference input to the comparator 51 (as com-
monly exemplifying each of the circuits 11, 10 and 12),
there is, provided the aforementioned discrimination
voltage level V.4 as is input to the main discrimination
circuit 11, (FIG. 5) the aforementioned plus offset refer-
ence level V s+ AV, as is input to the first sub-discrimi-
nation circuit 10 (FIG. 5), and the aforementioned
minus offset reference level V,r— AV as is input to the
second sub-discrimination circuit 12 (FI1G. J).

For comparison with these respective reference level
inputs the aforementioned digital input signal 1s input to
each of the main discrimination circuit 11, the first sub-
discrimination circuit 10, and the second sub-discrimi-
nation circuit 12.
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In each of the above.cases, the output of the compara-
tor 51 is held in the D-type flip-flop circuit 52 in accor-
dance with the timing of each bit input of the digital
input signal.

Each of the first and second discord detection circuits
13 and 14 can be implemented by an exclusive OR cir-
cuit 53 as shown in FIG. 7.

FIG. 8 shows the input-output relationship and re-
lated timing operation of the exclusive OR circuit 53 in
FIG. 7. As shown i1n FIG. 8, when a discord appears
between the output of either the first or second sub-dis-
crimination circuit 10 or 12 and the output of the main
discrimination circuit 11 in the second embodiment (or
when a discord appears between the output of either of
the first or second sub-discrimination circuit 16 or 12
and the aforementioned digital input signal in the first

10

15

embodiment), the corresponding first or second discord

detection circuit 13 or 14 outputs an effective pulse
signal.

FIGS. 9, 10, and 11 each show a concrete example of
the aforementioned difference determining means.

In FIG. 9, reference numerals 60 and 61 denote first
and second counters, and 62 denotes a subtractor.

The counter 60 counts the effective pulse signals from
the first discord detection circuit 13 as mentioned
above, and similarly, the counter 61 counts the effective
pulse signals from the second discord detection circuit
14. The difference between the count outputs of the
counters 60 and 61 is obtained in the subtractor 62 at a
predetermined timed intervals interval, for example,
every one second. The counters 60 and 61 are reset
before at least one of same overflows.

In FIG. 10, the construction similar to FI1G. 9 1s im-
plemented by an up-down counter 63 having a count-up
input terminal and a count-down input terminal; the
count of the counter 63 is incremented at the timing of
an input of a new effective pulse from the count-up
input and is decremented at the timing of an input of a
new effective pulse from the count-down input. There-
fore, when the output of the first discord detection
circuit 13 is applied to the count-up input, and the out-
put of the second discord detection circuit 14 is applied
to the count-down input, the up-down counter 63 out-
puts the difference between the outputs of the first and
second discord detection circuits 13 and 14. In the con-
struction of the FIG. 10, a reset operation of the counter
63 1s not necessary.

In FIG. 11, reference numerals 64 and 65 denote first
and second counters, 66 denotes a subtractor, 67 de-
notes an adder, and 68 denotes a D-type flip-flop circuit.

Similar to the construction of the FIG. 9, the counter
64 counts the effective pulse signals from the first dis-
cord detection circuit 13 as mentioned above, and the
counter 65 counts the effective pulse signals from the
second discord detection circuit 14. The difference
between the count outputs of the counters 64 and 65 is
obtained in the subtractor 66 at predetermined timed
intervals, for example, every one second, and then the
output of the subtractor 66 is applied to the adder 67
and is added to the output of the D-type flip-flop circuit
68 in the adder 67. The D-type flip-flop circuit 68 holds
the output of the adder 67 for each predetermined time
interval, i.e., the output of the D-type flip-flop circuit 68
is renewed by the output of the adder 67 at each succes-
sive, predetermined time interval.

The counters 64 and 65 also must be reset before one
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of same overflows, but in this construction, the past data

of the difference of the frequencies of the detections in

10

the first and second discord detection circuits 13 and 14
is stored in the D-type flip-flop circuit 68, and is re-
flected in the output of the construction of FIG. 11
through the adding operation in the adder 67.

Although the up-down counters available on the
market tend to operate rather slowly, compared with
the simple counters, a function similar to the construc-
tion of FIG. 10 can be realized by the construction of
FIG. 11, with a faster operation speed.

FI1G. 12 also shows another concrete example of the
aforementioned difference obtaining means.

In FIG. 12, reference numerals 71 and 72 denote first
and second accumulation means, for example, capaci-
tors, and 73 denotes a differential amplifier.

Each of the outputs of the first and second discord
detection circuits 13 and 14 is applied to the corre-
sponding one of two input terminals INPUT1 and IN-
PUT2, and the charges generated by the aforemen-
tioned effective (high voltage) pulses are accumulated
in the corresponding one of the capacitors 71 and 72.
Accordingly, the voltage developed between the re-
spective terminals of each capacitor i1s substantially
proportional to the number of effective pulses input
from the corresponding input terminal, 1.e., the fre-
quency of the detections in the corresponding discord
detection circuit.

An analog voltage, in proportion to the difference
between the voltages accumulated at the capacitors 71
and 72, is produced and output by the differential ampli-
fier 73.

Each of the outputs obtained in the constructions of
FIGS. 9, 10, 11, and 12 corresponds to the control out-
put from the level control circuit 3 in FIG. 2.

FIG. 13 shows the construction of an example of the
reference level generator 16 in FIG. S.

In FIG. 13, reference numeral 75 denotes a linear
amplifier, 76 denotes a transistor, 77 denotes a diode,
and 78, 79, 80, and 81 denote resistors.

The amplifier 75 comprises a differential amplifier,
and a reference voltage is applied to one of the two
input terminals of the amplifier 75 and the aforemen-
tioned control output of the level control circuit 3, i.e,,
the output of the control signal generator 135 1s applied
to the other input of the differential amplifier 75, and
thus, the control output is amplified in the amplifier 78,
and then applied to the base terminal of the transistor
76.

The collector terminal of the transistor 76 is con-
nected to a high voltage source, and the emitter termi-
nal of the transistor 76 is connected to one terminal of a
series connection of the diode 77 and the resistors 78,
79, 80, and 81, where the other terminal of the series
connection is connected to ground.

By the above construction, the current flowing in the
transistor 76, 1.e., the current flows in each of the resis-
tors 78, 79, 80, and 81, is controlled by the base voltage
of the transistor 76, i.e., the control output of the level
control circuit 3. |

As the input of the construction of FIG. 13 is an
analog signal, the analog output of the construction of
FIG. 12 can be applied to the input terminal of the
construction of FIG. 13, but each of the outputs 1n the
construction of FIG. 9, 10, and 11, as digital data, must
be converted to the analog voltage before applied to the
construction of FIG. 13, by, for example, a digital-to-
analog converter as shown in FIG. 14.

In particular, if the possibility of occurrence of an
error is very low, l.e., the frequency of the detections in
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the first or.second discord detection means 13 or 14 1s
very low, for example, if the possibility 1s about
1% 10-8, it is impossible to detect the difference of the
frequencies by the construction of FIG. 12, and there-
fore, in such a case, the constructions using counters as
shown in FIGS. 9, 10, and 11, are effective.

We claim:

1. A circuit for generating a variable level, reference

discrimination voltage used for discriminating between
two adjacent logic levels of an input signal which input
signal can have a plurality of different voltage levels
generally corresponding to a plurality of respective,
different logic levels, comprising:

means for generating and producing, as an output, a
discrimination reference voltage having a selec-
tively variable voltage level;

an offset reference voltage generating means for gen-
erating and producing, as corresponding outputs, a
nlus offset reference voltage having a variable volt-
age level which is higher, by a predetermined oft-
set value, than the current voltage level of the
discrimination reference voltage and a minus offset
reference voltage having a variable voltage level
which is lower, by the same predetermined offset
value, than the current voltage level of the discrim-
ination reference voltage;

first and second eye aperture input signal detecting
means, each receiving as inputs thereto the input
signal and the discrimination reference voltage
output of the discrimination reference voitage gen-
erating means and respectively receiving the plus
and minus offset reference voltage outputs of the
offset reference voltage generating means, the first
eye aperture detecting means detecting and pro-
ducing a first detection output corresponding to
the input signal level being between the respective,
current voltage levels of the discrimination refer-
ence voltage and the plus offset reference voltage
and the second eye aperture detection means de-
tecting and producing a second detection output
corresponding to the input signal level being be-
tween the respective, current voitage levels of the
discrimination reference voltage and the minus
offset reference voltage; and

said discrimination reference wvoltage generating
means being responsive to the respective frequen-
cies of the first and second detection outputs of the
first and second eye aperture detecting means, for
the current voltage level of the discrimination ref-
erence voltage, for adjusting the voltage level
thereof to an adjusted, different voitage level at
which the respective frequencies of the first and
second detection outputs of said corresponding
first and second eye aperture detecting means are
equalized.

2. A circuit for generating a discrimination voltage

according to claim 1, wherein:

said input signal is a two-value signal;

said first eye aperture input signal detecting means
comprises a first sub-discrimination circuit which
compares said input signal with said plus offset
reference voltage and outputs a high level signal or
a low level signal, respectively, according to
whether the level of said input signal is higher or
lower than the current voltage level of said plus
offset reference voltage, and a first discord detec-
tion circuit which detects a discord between the
output of said first sub-discrimination circuit and
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said input signal and produces, as an output, a two-
value signal having a first value representing the
detection of a discord and a second, different value
representing the absence of detection of a discord,
the first value of the two-value signal output corre-
sponding to the first detection output of said first
eye aperture input signal detecting means; and

said second eye aperture input signal detecting means

comprises a second sub-discrimination circuit
which compares said input signal with said minus
offset reference voltage and outputs a high level
signal or a low level signal respectively according
to whether the level of said input signal is higher or
lower than the current voltage level of said minus
offset reference voltage, and a second discord de-
tection circuit which detects a discord between the
output of said second sub-discrimination circuit
and said input signal and produces, as an output, a
two-value signal having a first value representing
the detection of a discord and a second, different

value representing the absence of detection of a

discord, the second value of the two value signal
output corresponding to the second detection out-
put of the second eye aperture input signal detect-
Ing means.

3. A circuit for generating a reference discrimination
voltage according to claim 2, further comprising:
main discrimination means for receiving the discrimi-

nation reference voltage and the input signal and
comparing the input signal with the discrimination
reference voltage and producing, as a discrimina-
tion result output, a two-value signal of first and
second values respectively representing the level of
the input signal as being above or below the cur-
rent level of the reference discrimination voltage.

4. A circuit for generating a variable level, reference
discrimination voltage according to claim 1, further
comprising:

main discrimination means for receiving the discrimi-

nation reference voltage and the input signal and
comparing the input signal with the discrimination
reference voltage and producing, as a discrimina-
tion result ouput, a two-value signal of first and
second values respectively representing the level of
the input signal as being above or below the cur-
rent level of the reference discrimination voltage;

said first eye aperture input signal detecting means

comprises a first sub-discrimination circuit which
compares said input signal with said plus offset
reference voltage and outputs a high level signal or
a low level signal, respectively, according to
whether the level of said input signal is higher or
lower than the current level of said plus offset
reference voltage, and a first discord detection
circuit which detects a discord between the output
of said first sub-discrimination circuit and the dis-
crimination result output of said main discrimina-
tion circuit and produces, as an output, a two-value
signal having a first value representing the detec-
tion of a discord and a second, different value rep-
resenting the absence of detection of a discord, the -
first value of the two-value signal output corre-
sponding to the first detection output of said first
eye aperture input signal detecting means; and

said second eye aperture input signal detecting means

comprises a second sub-discrimination -circuit
which compares said input signal with said minus
offset reference voltage and outputs a high level
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signal or a low level signal, respectively, according
to whether the level of said input signal is higher or
lower than the current level of said minus offset
reference voltage, and a second discord detection
circuit which detects a discord between the output
of said second sub-discrimination circuit and the

14

thereof, the current count, as thus incremented or
decremented, representing a current value of the
difference between the respective frequencies of
said first and second detection outputs of said first
and second eye aperture input signal detecting
means.

discrimination result output of said main discrimi-
nation circuit and produces, as an output, a two-
value signal having a first value representing the
detection of a discord and a second, different value 10

8. A circuit for generating a reference discrimination
voltage according to claim 5, wherein said difference
determining means comprises:

first and second counting means for counting the

representing the absence of detection of a discord,
the second value of the two value signal output
corresponding to the second detection output of
the second eye aperture input signal detecting

respective first and second detection outputs of
said first and second eye aperture input signal de-
tecting means over a predetermined time interval,
and subtracting means for receiving and determin-

means. 15
5. A circuit for generating a reference discrimination
voltage according to claim 1, wherein:
said discrimination reference voltage generating
means comprises difference determining means for
determining the difference between the respective 20
frequencies of said detection outputs of said first
and second eye aperture input signal detecting
means and adjusts the voltage level of the discrimi-
nation reference voltage in accordance with said
frequency difference.
6. A circuit for generating a reference discrimination
voltage according to claim §, wherein:
said difference determining means comprises first and

ing the difference between the respective counts of
said first and second counting means;

an output register which temporarily registers the
difference determined by said subtracting means;
and

adding means for summing the respective outputs of
said subtracting means and said output register and
registering said summed outputs in said output
register. |

9. A circuit for generating a reference discrimination

25 voltage according to claim 8, wherein said difference

determining means comprises:
first and second accumulating means for accumulat-

ing, as respective analog voltage values said re-

second counting means for counting the respective

65

spective frequencies, said first and second detec-

first and second detection outputs of said first and 30 tion outputs of said corresponding first and second
second eye aperture input signal detecting means eye aperture input signal detecting means, each as
over a predetermined time interval, and subtracting an analog voltage value, and producing corre-
means for receiving and determining the outputs sponding analog voltage value outputs; and
between the respective counts of said first and a differential amplifier which amplifies the difference
second counting means. 35 between the analog voltage value outputs of said
7. A circuit for generating a discrimination voltage first and second accumulating means and produces,
according to claim §, wherein: as an output, the thus amplified difference therebe-
said difference determining means comprises an up- tween, said discrimination reference voitage gener-
down counter which receives the first and second ating means being responsive to the amplified dif-
detection outputs of said first and second eye aper- 40 ference output for adjusting the voltage level of the
ture input detecting means and, in response thereto, discrimination reference voltage.
respectively increments or decrements the count * * * *
45
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35
60
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